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(54) PRINTED WIRING BOARD AND METHOD FOR MANUFACTURING THE SAME 



(57) A printed wiring board which has a conductor 
circuit (1 2) on an insulating substrate (1 0) and a surface 
insulating layer (14) formed on the surface of the sub- 
strate (10) including the surface of the conductor circuit 
(12). Part of the conductor circuit (12) has an exposed 
conductor section (120) having an exposed surface, 
and a surface insulating layer (140) around the conduc- 



tor section (120) forms a recessed section at the same 
level of the surface of the conductor section (120) or 
lower than the surface. It is preferable to form a solder 
resist layer which is formed as the surface insulating 
layer in block or white color. 
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Description 
TECHNICAL FIELD 

[0001] The present invention relates to a printed s 
wiring board having bumps, ball pads or the like where 
solder balls are applied, and a method of manufacturing 
the same. 

BACKGROUND ART 

[0002] There is a conventional printed wiring board 
which has a conductor circuit on an insulating substrate 
and a surface insulating layer provided on the surfaces 
of the insulating substrate and the conductor circuit and 
formed of a solder resist layer or a glass cloth resin 
layer. 

[0003] In general, bumps or ball pads are provided 
on the surface of the printed wiring board which is con- 
nected to an electronic part, another printed wiring 
board or the like via solder balls applied on those bumps 
or ball pads. 

[0004] The bumps or ball pads are formed by 
exposing the conductor circuit underlying the surface 
insulating layer by local removal of the surface insulat- 
ing layer. 

[0005] This conventional printed wiring board has 
the following drawbacks. 

[0006] At the time of forming bumps or ball pads on 
the printed wiring board, the surface insulating layer is 
locally removed, thereby exposing the sides of the con- 
ductor circuit. This may reduce the strength of adhesion 
between the conductor circuit and the insulating sub- 
strate. 

[0007] In providing solder balls on the bumps or ball 
pads with the above structure, the solder balls on the 
bumps or ball pads may be flattened due to the exposed 
sides of the conductor circuit and high adhesion 
strength of the solder balls to those sides. 
[0008] When the solder balls are flattened, it is not 
possible to maintain the proper distance between the 
insulating substrate and an electronic part, another 
printed wiring board or the like which is connected to 
this printed wiring board via the solder balls. This may 
result in a reduced reliability of connection between 
them. 

[0009] As the amount of heat generated by elec- 
tronic parts tends to increase, printed wiring boards are 
provided with heat discharging means such as connec- 
tion of solder balls or formation of thermal via holes for 
discharging heat. The heat discharging performance of 
the conventional printed wiring boards, however, has 
not yet been improved to a satisfactory level. 
[0010] Accordingly, it is an object of the present 
invention to provide a printed wiring board with excellent 
heat discharging performance, which has an enhanced 
adhesion strength between a conductor circuit and an 
insulating substrate and ensures a high reliability of 



connection between this printed wiring board and a 
mounted part, such as another electronic part or 
another printed wiring board at the time of connecting 
such a part to this printed wiring board via solder balls 
applied to bumps, ball pads or the like provided on the 
conductor circuit and the insulating substrate, and a 
method of manufacturing the same. 

SUMMARY OF THE INVENTION 

[001 1 ] According to a first aspect of this invention, a 
printed wiring board comprises an insulating substrate 
having a conductor circuit thereon; and a surface insu- 
lating layer provided on surfaces of the insulating sub- 
strate and the conductor circuit and formed of a solder 
resist layer or a glass cloth resin layer, part of the con- 
ductor circuit having an exposed conductor section with 
an exposed surface, the surface insulating layer around 
the exposed conductor section forming a recessed sec- 
tion level the same height as or lower than the surface of 
that exposed conductor section and higher than the sur- 
face of the insulating substrate, the surface insulating 
layer of the recessed section being in contact with sides 
of the exposed conductor section. 
[0012] The recessed section and the exposed con- 
ductor section can be used as a so-called bump or a ball 
pad. Specifically, a solder ball or the like is put on the 
exposed conductor section, and a to-be-mounted part 
such as another electronic part or another printed wiring 
board can be connected to this printed wiring board via 
such solder balls while securing electric connection to 
the conductor circuit. 

[0013] The to-be-mounted part may be a pad of an 
electronic part such as a flip chip, BGA (Ball Grid Array), 
chip scale package, chip size package, TCP (Tape Car- 
rier Package) or lead-less chip carrier, or a printed wir- 
ing board on which such an electronic part is to be 
mounted. 

[0014] The advantages of the first aspect of this 
invention will be described below. 
[0015] In a printed wiring board according to the 
first aspect of this invention, part of the conductor circuit 
has an exposed conductor section with an exposed sur- 
face. 

[0016] The surface insulating layer around the 
exposed conductor section forms a recessed section 
level the same height as or lower than the surface of that 
exposed conductor section and higher than the surface 
of the insulating substrate, and the surface insulating 
layer of the recessed section is in contact with sides of 
the exposed conductor section. 
[0017] This structure allows the surface insulating 
layer to cover the sides of the conductor circuit, thereby 
reducing the amount of exposure of the sides. This 
enhances the adhesion strength between the conductor 
circuit and the insulating substrate. The increased 
adhesion strength can prevent the conductor circuit 
from being separated from the insulating substrate. 
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[0018] When a solder ball is put on the exposed 
conductor section, it is repelled by the surface insulating 
layer and is less likely become flattened. 
[001 9] That is, a solder ball adhers well to the sides 
of the conductor circuit. Therefore, solder forming the 
solder ball easily moves to cover the sides of the con- 
ductor circuit so that the amount of solder remaining on 
the surface of the exposed conductor section is reduced 
by the amount of the movement. 
[0020] As the amount of exposure of the sides of 
the conductor circuit of the printed wiring board accord- 
ing to the first aspect of the invention is small, a large 
amount of solder can remain on the exposed conductor 
section. 

[0021 ] This permits the proper distance to be main- 
tained between the exposed conductor section and a to- 
be-mounted part, such as another electronic part or 
another printed wiring board, at the time of connecting 
the to-be-mounted part to this printed wiring board 
using solder balls. It is thus possible to increase the reli- 
ability of connection between the to-be-mounted part 
and the exposed conductor section (conductor circuit). 
[0022] As apparent from the above, the first aspect 
of this invention can provide a printed wiring board, 
which has an enhanced adhesion strength between a 
conductor circuit and an insulating substrate and can 
ensure a high reliability of connection between this 
printed wiring board and a to-be-mounted part such as 
another electronic part or another printed wiring board 
at the time of connecting such a part to this printed wir- 
ing board via solder balls applied to bumps, ball pads or 
the like provided on the conductor circuit and the insu- 
lating substrate. 

[0023] The printed wiring board acquired by the first 
aspect of this invention can be used for a memory mod- 
ule, multi-chip module, mother board, daughter board, 
plastic package or the like which demands a high con- 
nection reliability. 

[0024] It is preferable that the surface insulating 
layer is formed of a glass cloth resin layer. This provides 
a structure which can endure stress caused by a ther- 
mal expansion difference between a chip or package 
and the substrate. Further, this structure reduces the 
thermal expansion difference, resulting in a better per- 
formance. 

[0025] It is preferable that the surface insulating 
layer should have a double-layer structure comprising a 
solder resist layer and a glass cloth resin layer formed 
on the surface thereof. 

[0026] As the solder resist effectively repels solder, 
it suppresses sideward spreading of solder and has an 
effect of setting a chip or package apart from the printed 
wiring board so that thermal stress can be avoided 
more. 

[0027] It is preferable that the surface insulating 
layer of the recessed section is positioned lower than 
the surface of the exposed conductor section by 0 to 15 
jam. This ensures high strength of solder balls and high 



positioning precision. Further, it is less likely to cause a 
short-circuiting defect in connecting a to-be-mounted 
part using solder balls at narrow pitches. 
[0028] When the surface of the surface insulating 

5 layer is set higher than the exposed conductor section, 
the positioning precision of a solder ball is high but 
stress is applied to the solder ball due to the thermal 
expansion difference caused by a change in tempera- 
ture by resin located at the neck portion of the solder 

10 ball. The solder ball is likely to fatigue due to a long 
period of usage, thus reducing the adhesion strength. 
[0029] When the positional value of the surface 
insulating layer exceeds 15 ]im, a solder ball moves so 
as to wet the sides of the bump or ball pad so that the 

15 solder ball may be spread sideways. At the time of 
arranging the solder balls at narrow pitches, therefore, 
one solder ball may be in contact with (short-circuited 
with) an adjoining one. As the distance between a to-be- 
mounted part and the substrate tends to decrease, 

20 stress concentrates on the junction when parts of differ- 
ent coefficients of thermal expansion are connected so 
that one solder ball may be in contact with (short- 
circuited with) an adjoining one. 
[0030] It is preferable that the exposed conductor 

25 section is covered with a metal plated film in such a way 
as to surround upper end portions of the sides of the 
exposed conductor section from the surface thereof, 
and a solder ball should be connected to the exposed 
conductor section and should be partly located in a cav- 

30 ity formed between a peripheral edge of the metal 
plated film and the sides of the exposed conductor sec- 
tion. This allows a solder ball to come into the cavity, 
and demonstrates an excellent junction effect due to its 
anchoring effect. 

35 [0031 ] According to the first aspect of the invention, 
there is also provided a method of manufacturing a 
printed wiring board comprising an insulating substrate 
having a conductor circuit thereon, and a surface insu- 
lating layer provided on surfaces of the insulating sub- 

40 strate and the conductor circuit and formed of a solder 
resist layer or a glass cloth resin layer, part of the con- 
ductor circuit having an exposed conductor section with 
an exposed surface, the surface insulating layer around 
the exposed conductor section forming a recessed sec- 

45 tion level the same height as or lower than the surface of 
that exposed conductor section and higher than the sur- 
face of the insulating substrate, the surface insulating 
layer of the recessed section being in contact with sides 
of the exposed conductor section, which method com- 

so prises the steps of: 

forming a conductor circuit on the insulating sub- 
strate; 

forming the surface insulating layer on the insulat- 
55 ing substrate and the surface of the conductor cir- 
cuit; and 

irradiating a laser beam on the surface insulating 
layer to expose part of the conductor circuit, thereby 
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forming an exposed conductor section, and setting 
the surface insulating layer around the conductor 
circuit lower than a surface of the exposed conduc- 
tor section, thereby forming a recessed section. 

[0032] The formation of an exposed conductor sec- 
tion using a laser beam is accomplished by irradiating 
the laser beam on the surface insulating layer where the 
conductor circuit is to be exposed. It is preferable to use 
a carbon dioxide laser with large energy or an excimer 
laser which is free of a thermal influence to generate the 
laser beam. 

[0033] The formation of an exposed conductor sec- 
tion by irradiation of a laser beam is implemented by 
vapor removal of the surface insulating layer by the high 
energy of the laser beam. At this time, the portion where 
the laser beam is irradiated consists of a portion where 
the conductor circuit and the surface insulating layer are 
stacked on the insulating substrate, and a portion where 
the surface insulating layer directly lies on the insulating 
substrate. 

[0034] The laser beam which hits on the portion 
where the conductor circuit is present exposes the con- 
ductor circuit, thus forming an exposed conductor sec- 
tion. The laser beam which hits on the portion where the 
conductor circuit is not present can vaporize the surface 
insulating layer which is located lower than the surface 
of the exposed conductor section. Since the laser beam 
is reflected at a metal portion like a conductor circuit, it 
is difficult to remove the metal portion (and an underly- 
ing material). 

[0035] By setting the intensity of the laser beam to 
or slightly higher than the intensity that can remove the 
surface insulating layer provided on the conductor cir- 
cuit, therefore, it is possible to form an exposed conduc- 
tor section at the portion where the conductor circuit is 
present and to form a recessed section at the surface of 
the surface insulating layer around the exposed conduc- 
tor section where no conductor circuit is present. The 
recessed section has the same level or lower than the 
surface of the exposed conductor section. It is to be 
noted that the surface insulating layer remains on any 
portion where the laser beam is not irradiated. 
[0036] Through the above processing, a recessed 
section having an exposed conductor section in the 
center as shown in Figures 1 to 4 can be formed. 
[0037] As apparent from the above, this manufac- 
turing method can easily produce an exposed conduc- 
tor section and a recessed section on the printed wiring 
board of the first aspect of the invention. This printed 
wiring board has the above-described excellent proper- 
ties. 

[0038] As apparent from the above, the first aspect 
of this invention can provide a method of manufacturing 
a printed wiring board, which has an enhanced adhe- 
sion strength between a conductor circuit and an insu- 
lating substrate and can ensure a highly reliable 
connection between this printed wiring board and 



another electronic part or another printed wiring board 
at the time of connecting such a part to this printed wir- 
ing board via solder balls applied to bumps, ball pads or 
the like provided on the conductor circuit and the insu- 

5 lating substrate. 

[0039] It is preferable that the surface insulating 
layer is formed of a glass cloth resin layer. As mentioned 
earlier, this provides a structure which can endure 
stress caused by a thermal expansion difference 

w between a chip or package and the substrate. Further, 
this structure reduces the thermal expansion difference, 
resulting in better performance. 
[0040] It is preferable that the surface insulating 
layer has a double-layer structure comprising a solder 

is resist layer and a glass cloth resin layer formed on the 
surface thereof. 

[0041] As mentioned earlier, because the solder 
resist effectively repels solder, it suppresses sideward 
spreading of solder and has an effect of setting a chip or 
20 package apart from the printed wiring board so that 
thermal stress can be avoided. 
[0042] The solder resist may be formed using a 
thermosetting solder resist, photo-curing solder resist or 
the like. 

25 [0043] The color of the solder resist may be any of 
black, white and green. 

[0044] According to a second aspect of this inven- 
tion, there is provided a printed wiring board having an 
insulating substrate provided on a surface thereof with 
30 pads for connection of connection terminals, the surface 
of the insulating substrate being covered with a black 
solder resist layer, including peripheral edges of the 
pads. 

[0045] The advantages of the second aspect of this 

35 invention will be discussed below. According to the sec- 
ond aspect of this invention, the solder resist layer is 
black so that it easily absorbs heat. The solder resist 
layer discharges heat in the air from the surface after 
actively absorbing the heat generated by an electronic 

40 part. The speed of movement of heat from the solder 
resist layer to the air is therefore accelerated. The black 
solder resist layer can thus quickly discharge the heat 
generated by an electronic part into the air. 
[0046] Further, the solder resist layer covers the 

45 peripheral edge of a pad to connect to a connection ter- 
minal, through which electricity is exchanged between 
the printed wiring board and another member. The heat 
absorbed by the solder resist layer is thus transmitted to 
the connection terminal efficiently, and can efficiently be 

so discharged via the member that is connected to the con- 
nection terminal. 

[0047] The peripheral edge of the pad is covered 
with the solder resist layer, but the center portion is not. 
[0048] The peripheral edge of the pad is a portion 
55 which has a certain width from the contour of the pad 
toward the center. It is preferable that the width of the 
peripheral edge of the pad should be 0.02 mm to 0.2 
mm. When this width is less than 0.02 mm, the heat 
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absorbed by the solder resist layer may not be transmit- 
ted to the connection terminal efficiently. When the 
width is larger than 0.2 mm, the solder resist layer may 
interfere with connection of the connection terminal to 
the pad. 

[0049] The solder resist layer has a hole in, for 
example, a portion corresponding to the center portion 
of the pad. This hole may be formed by forming a solder 
resist layer on the entire surface of the insulating sub- 
strate and then irradiating a beam from a carbon dioxide 
laser, a YAG laser, an excimer laser or the like on a hole- 
to-be-formed portion of the solder resist layer, thereby 
burning out that portion. 

[0050] A connection terminal through which elec- 
tricity is exchanged with another member is connected 
to the center portion of the pad which is exposed 
through the hole of the solder resist layer. For example, 
a solder ball, a solder bump or the like may be used as 
this connection terminal. Another member to connect to 
the connection terminal may be a memory module, a 
multi-chip module, a mother board, a daughter board or 
the like. 

[0051] While the pad can be connected to a con- 
ductive member such as a conductor circuit or a through 
hole, it can be formed unconnected to such a conduc- 
tive member. 

[0052] The insulating substrate may be made of a 
synthetic resin alone, or a composite resin material 
comprising a synthetic resin and an inorganic filler or an 
inorganic cloth. It is possible to provide a conductor cir- 
cuit, a through hole or the like on the surface of the insu- 
lating substrate or inside the substrate. Further, the 
insulating substrate may be provided with a mount sec- 
tion where an electronic part is to be mounted. 
[0053] It is preferable that the solder resist layer 
contains an inorganic filler comprising graphite, iron 
oxide or manganese dioxide. It is thus possible to form 
a solder resist layer with a fast heat moving speed. Par- 
ticularly, iron oxide has a high thermal conductivity and 
easily becomes black. 

[0054] It is preferable that the inorganic filler should 
be powder having an average particle size of 5 |mm or 
smaller. This can reduce the amount of addition of an 
inorganic filler which turns the solder resist layer black. 
[0055] The inorganic filler may have a shape of a 
particle as well as a needle shape or a whisker shape. 
[0056] It is preferable that the inorganic filler is con- 
tained in the solder resist layer in an amount of 10% by 
volume or greater. This ensures the color of the solder 
resist layer is black. 

[0057] When the inorganic filler is conductive, the 
inorganic filler is contained in the solder resist layer in 
an amount of 70% by volume or less in order to ensure 
the insulation property of the solder resist layer. 
[0058] It is preferable that light absorption of the 
solder resist layer is equal to or greater than 60%. This 
further improves the efficiency of thermal absorption, 
thereby further enhancing the heat discharging per- 



formance of the solder resist layer. 
[0059] The solder resist may be formed using a 
thermosetting solder resist, photo-curing solder resist or 
the like. 

5 [0060] It is preferable that the printed wiring board 
should have a mount section on the surface of the insu- 
lating substrate where an electronic part is to be 
mounted, and the surface of the mount section should 
be covered with the solder resist layer. With this struc- 

10 ture, the solder resist layer can directly absorb heat gen- 
erated by an electronic part mounted on the mount 
section, and can thus further improve its thermal 
absorption efficiency. 

[0061 ] According to a third aspect of this invention, 
15 there is provided a printed wiring board having an insu- 
lating substrate provided on a surface thereof with pads 
for connection of connection terminals, the surface of 
the insulating substrate being covered with a white sol- 
der resist layer, including peripheral edges of the pads, 
20 the solder resist layer containing an inorganic filler con- 
taining at least titanium oxide. 

[0062] The advantages of the third aspect of this 
invention will be discussed below. According to the third 
aspect of this invention, as the solder resist layer con- 

25 tains an inorganic filler containing titanium oxide, it eas- 
ily absorbs heat. After the solder resist layer actively 
absorbs the heat generated by an electronic part, it gen- 
erates far infrared radiation and promptly discharges 
heat in the air. The larger the amount of heat generated 

30 by an electronic part is, the greater the amount of far 
infrared radiation generated becomes, ensuring effi- 
cient heat discharge. 

[0063] The solder resist layer becomes white when 
it contains titanium oxide. As the white solder resist 

35 layer rapidly discharges the absorbed heat from its sur- 
face, it is excellent in heat discharge. 
[0064] The heat discharging performance of the 
solder resist layer discussed above drops the surface 
temperature of an electronic part and permits the elec- 

40 tronic part to function properly. 

[0065] Further, the solder resist layer covers the 
peripheral edge of a pad to connect to a connection ter- 
minal, through which electricity is exchanged between 
the printed wiring board and another member. The heat 

45 absorbed by the solder resist layer is thus transmitted to 
the connection terminal efficiently, and can efficiently be 
discharged via the member that is connected to the con- 
nection terminal. The printed wiring board according to 
the third aspect of the invention demonstrates excellent 

so heat discharging performance. 

[0066] The peripheral edge of the pad is covered 
with the solder resist layer, but the center portion is not. 
[0067] The peripheral edge of the pad is a portion 
which has a certain width from the contour of the pad 

55 toward the center. It is preferable that the width of the 
peripheral edge of the pad covered with the solder resist 
layer should be 0.010 mm to 0.15 mm. When this width 
is less than 0.010 mm, the heat absorbed by the solder 
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resist layer may not be transmitted to the connection ter- 
minal efficiently. When the width is greater than 0.15 
mm, the solder resist layer may interfere with connec- 
tion of the connection terminal to the pad. 
[0068] The white solder resist layer has a hole in, 
for example, a portion corresponding to the center por- 
tion of the pad. This hole may be formed by forming a 
solder resist layer on the entire surface of the insulating 
substrate and then irradiating a beam from a carbon 
dioxide laser, a YAG laser, an excimer laser or the like 
on a hole-to-be-formed portion of the solder resist layer, 
thereby burning out that portion. Alternatively, a solder 
resist layer having a hole may be formed by screen 
printing. 

[0069] A connection terminal through which elec- 
tricity is exchanged with another member is connected 
to the center portion of the pad which is exposed 
through the hole of the solder resist layer. For example, 
a solder ball, a solder bump, a conductive resin or the 
like may be used as this connection terminal. Another 
member to connect to the connection terminal may be a 
memory module, a multi-chip module, a mother board, a 
daughter board or the like. 

[0070] While the pad can be connected to a con- 
ductive member such as a conductor circuit or a through 
hole, it can be formed unconnected to such a conduc- 
tive member. 

[0071] The insulating substrate may be made of a 
synthetic resin alone, or a composite resin material 
comprising a synthetic resin and an inorganic filler or an 
inorganic cloth. It is possible to provide a conductor cir- 
cuit, a through hole or the like on the surface of the insu- 
lating substrate or inside the substrate. Further, the 
insulating substrate may be provided with a mount sec- 
tion where an electronic part is to be mounted. 
[0072] It is preferable that the inorganic filler is pow- 
der having an average particle size of 5 jum or smaller. 
This further improves the heat discharging effect of the 
solder resist layer. 

[0073] It is preferable that a powder inorganic filler 
should have an average particle size of 0.05 juim or 
larger. This is because the finer the particles become, 
the better the heat discharging efficiency of far infrared 
radiation becomes. 

[0074] The inorganic filler may have a shape of a 
particle as well as a needle shape, a whisker shape or a 
combination of those shapes. The inorganic filler may 
be, for example, of Zr0 2 (zirconium oxide), Fe 2 0 3 (iron 
oxide), Y 2 0 3 (yttrium oxide) or the like in addition to tita- 
nium oxide. 

[0075] It is preferable that the solder resist layer 
should contain titanium oxide in an amount of 10 to 80% 
by weight. This further improves the heat discharging 
effect of the solder resist layer. When the amount of the 
titanium oxide content is less than 10% by weight, the 
heat discharging effect of the solder resist layer may 
decrease. When the amount of the titanium oxide con- 
tent exceeds 80% by weight, however, the adhesion 



strength of the solder resist layer as an insulating coat 
may drop. 

[0076] It is preferable that the inorganic filler should 
be contained in the solder resist layer in an amount of 

5 10% by weight or greater. This further enhances the 
heat discharging effect of the solder resist layer. The 
upper limit of the amount of the inorganic filler content is 
preferably 80% by weight from the viewpoint of the 
adhesion property of the solder resist layer. 

w [0077] The solder resist may be formed using a 
thermosetting solder resist, photo-curing solder resist or 
the like. 

[0078] It is preferable that the printed wiring board 
should have a mount section on the surface of the insu- 

15 lating substrate where an electronic part is to be 
mounted, and the surface of the mount section should 
be covered with a white solder resist layer. With this 
structure, the solder resist layer can directly absorb heat 
generated by an electronic part mounted on the mount 

20 section, and can thus further improve its thermal 
absorption efficiency. 

[0079] According to a fourth aspect of this inven- 
tion, there is provided a printed wiring board having an 
insulating substrate provided on a surface thereof with 
25 pads for connection of connection terminals, the surface 
of the insulating substrate being covered with a green 
solder resist layer, including peripheral edges of the 
pads. 

[0080] According to the fourth aspect of the inven- 

30 tion, the green solder resist layer has a high heat radia- 
tion property. As the insulating substrate is covered with 
the green solder resist layer, the heat accumulated in 
the insulating substrate can efficiently be radiated out- 
side. Heat is relatively likely to be accumulated in the 

35 pad to which a connection terminal for implementing 
external exchange of electricity is connected. Covering 
also the peripheral edge of the pad with the green sol- 
der resist layer allows heat at the periphery of the pad to 
be radiated efficiently. 

40 [0081] From the viewpoint of heat radiation, it is 
preferable that the green solder resist layer should par- 
ticularly contain an inorganic filler such as alumina or 
silica gel. It is preferable that the inorganic filler content 
in the solder resist layer should be 10% to 80% by 

45 weight. 

[0082] The solder resist may be formed using a 
thermosetting solder resist, photo-curing solder resist or 
the like. 

[0083] According to the fourth aspect of the inven- 
50 tion, the surface of the mount section should preferably 
be covered with the green solder resist layer as in the 
second and third aspects of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

55 

[0084] 

Figure 1 is an explanatory cross-sectional view of a 
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printed wiring board provided with a solder ball and 
an electronic part according to a first embodiment; 
Figure 2 is an explanatory plan view showing the 
essential portions of the printed wiring board 
according to the first embodiment; 
Figure 3 is a cross-sectional view of the first 
embodiment as seen from the line A-A in Figure 2; 
Figure 4 is a cross-sectional view of the first 
embodiment as seen from the line B-B in Figure 2; 
Figure 5 is an explanatory plan view showing the 
essential portions of a printed wiring board with an 
oval bump according to the first embodiment; 
Figure 6 is a cross-sectional view of the first 
embodiment as seen from the line C-C in Figure 5; 
Figure 7 is a cross-sectional view of the first 
embodiment as seen from the line D-D in Figure 5; 
Figure 8 is a cross-sectional view of a printed wiring 
board to which a solder ball is bonded according to 
the first embodiment; 

Figure 9 is an explanatory enlarged cross-sectional 
view of the essential portions of a printed wiring 
board according to a second embodiment, illustrat- 
ing how the connection terminal of the printed wir- 
ing board is connected; 

Figure 10 is a cross-sectional view of the printed 
wiring board according to the second embodiment 
as seen from the line B-B in Figures 1 1 and 12; 
Figure 11 is a plan view of the printed wiring board 
according to the second embodiment; 
Figure 12 is a back view of the printed wiring board 
according to the second embodiment; and 
Figure 13 is a back view of the printed wiring board 
according to the second embodiment for explaining 
the covering state of a solder resist layer. 

Description of Reference number 

[0085] 
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Printed wiring board 
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Insulating substrate 
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14, 140 


Surface insulating layer 
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3 
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4 
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5 
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502 
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6 
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7 
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8 


Printed wiring board 


81 


Mother board 



DETAILED DESCRIPTION OF THE INVENTION 
First Embodiment 

5 [0086] A printed wiring board and a method of man- 
ufacturing the same according to a first embodiment of 
the present invention will now be described referring to 
Figures 1 through 7. 

[0087] As shown in Figures 1 and 2, a printed wiring 

10 board 1 according to this embodiment has a conductor 
circuit 12 on an insulating substrate 10, and a surface 
insulating layer 14 on the surfaces of the insulating sub- 
strate 1 0 and the conductor circuit 12. The surface insu- 
lating layer 1 4 comprises a solder resist layer or a glass 

15 cloth resin layer. 

[0088] Part of the conductor circuit 12 has an 
exposed conductor section 120 with an exposed sur- 
face, and a surface insulating layer 140 around the 
exposed conductor section 1 20 forms a recessed sec- 

20 tion set lower than the surface of the exposed conductor 
section 1 20 and higher than the surface of the insulating 
substrate 10. The surface insulating layer of the 
recessed section is in contact with the sides of the 
exposed conductor section 120. 

25 [0089] A portion "a" in Figure 2 is the exposed con- 
ductor section 1 20, a portion "b" is the surface insulating 
layer 140 which surrounds the exposed conductor sec- 
tion 120, and a portion "c" is the surface insulating layer 
1 4 on which a laser beam to be discussed later does not 

30 hit. 

[0090] The portions "a" and "b" form a bump 1 30 for 
a solder ball 13 to be discussed later. This bump 130 is 
the aforementioned recessed section. 
[0091] As shown in Figures 3 and 4, a distance d1 
35 between the surface of the exposed conductor section 
120 and the surface of the surface insulating layer 140 
is 5 jLtm. 

[0092] A distance d3 between the surface of the 
exposed conductor section 120 and the surface of the 

40 insulating substrate 10 is 35 fxm, and a distance d2 
between the surface of the surface insulating layer 140 
and the surface of the insulating substrate 10 is 20 juim. 
[0093] As shown in Figure 1, the printed wiring 
board 1 comprises an internal board 19 provided with 

45 an internal conductor circuit 191 , the insulating layer 18 
provided on the surface of the internal conductor circuit 
191, and the conductor circuit 12 provided on the sur- 
face of the insulating layer 1 8. 

[0094] The surface insulating layer 14 is provided 
so on the surface of the conductor circuit 12. 

[0095] As shown in Figure 2, the circular bump 130 
where the solder ball 13 is to be placed is provided on 
the printed wiring board 1. The solder ball 13 connects 
an electronic part 15 to the conductor circuit 12 while 
55 securing electric conduction to the conductor circuit 12. 
[0096] The bump 130 is formed by the exposed 
conductor section 120, which is an exposed part of the 
conductor circuit 12, the surface insulating layer 140 
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located around the exposed conductor section 120 and 
positioned lower than the surface of the exposed con- 
ductor section 120, and the surface insulating layer 14 
positioned higher than the surface of the exposed con- 
ductor section 120. 

[0097] As shown in Figures 1 , 3 and 4, a corner por- 
tion 141 of the surface insulating layer 140 around the 
exposed conductor section 120 is formed to have a 
curved surface. 

[0098] A method of manufacturing the printed wir- 
ing board 1 will now be described. First, the conductor 
circuit 12 is formed on the insulating substrate 10. Next, 
a solder resist layer or glass cloth resin layer is provided 
on the surfaces of the insulating substrate 10 and the 
conductor circuit 12, yielding the surface insulating layer 
14. 

[0099] Then, a laser beam is irradiated on the sur- 
face insulating layer 14 to expose part of the conductor 
circuit 12, forming the exposed conductor section 120, 
and to make the surface insulating layer 1 40 around the 
conductor circuit 12 lower than the surface of the 
exposed conductor section 120. The exposed conduc- 
tor section 120 and the surface insulating layer 140 
define a recessed section to be the aforementioned 
bump 130. 

[0100] The manufacturing method will be described 
more specifically. The surface or copper foil of a copper- 
clad laminate is patterned to yield the internal board 19 
having the internal conductor circuit 191 formed ther- 
eon. A prepreg and copper foil are laminated on the sur- 
faces of the internal conductor circuit 191 and the 
internal board 19, and the copper foil is etched properly. 
As a result, the insulating layer 1 8 and the conductor cir- 
cuit 12 are formed on the surface of the internal board 
19, and the resulting structure is the insulating substrate 
10. 

[0101] Next, a solder resist layer is formed on the 
surface of the insulating substrate 10 (including the sur- 
face of the conductor circuit 12) using a thermosetting 
or photo-curing solder resist. Alternatively a glass cloth 
resin layer is formed in place of the solder resist layer. 
Consequently the surface insulating layer 14 is 
acquired. 

[0102] Then, a laser beam is irradiated in a prede- 
termined portion (circular portion) of the surface insulat- 
ing layer 14. 

[0103] At this time, the portion where the laser 
beam is irradiated includes a portion where the conduc- 
tor circuit 12 and the surface insulating layer 14 are lam- 
inated on the insulating substrate 10, and a portion 
where the surface insulating layer 14 directly lies on the 
insulating substrate 10. 

[0104] An excimer laser with a wavelength of 248 
nm and output power of 50 W which is slightly higher 
than the power that can remove the surface insulating 
layer 14 provided on the conductor circuit 12 is used to 
generate the laser beam. 

[0105] The irradiation of the laser beam forms the 



exposed conductor section 1 20 in the portion where the 
conductor circuit 1 2 is present. With regard to the por- 
tion where the conductor circuit 1 2 is not present, the 
surface insulating layer 14 can be vaporized to a level 
5 lower than the surface of the exposed conductor section 
120. 

[0106] Consequently, the bump 130 where the sol- 
der ball 13 is to be placed is formed, thus yielding the 
printed wiring board 1 according to this embodiment. 
w Thereafter, the electronic part 1 5 is placed on the solder 
ball 13 put in the bump 130. 

[01 07] The advantages of this embodiment will now 
be explained. In the printed wiring board 1 of this 
embodiment, the surface insulating layer 140 (portion 

is "b") around the exposed conductor section 120 (portion 
"a") is positioned lower than the surface of the exposed 
conductor section 120 and higher than the surface of 
the insulating substrate 10, and is in contact with sides 
121 of the exposed conductor section 120. 

20 [0108] Accordingly, the sides 121 of the conductor 
circuit 12 are covered with the surface insulating layer 
1 40, thus reducing the exposed area of the sides 1 21 . It 
is therefore possible to increase the strength of adhe- 
sion of the conductor circuit 12 to the insulating sub- 

25 strate 10, preventing separation of the conductor circuit 

1 2 therefrom. 

[0109] Further, placed in the bump 130 defined by 
the exposed conductor section 120 and the surface 
insulating layer 140 is the solder ball 13 through which 
30 the electronic part 1 5 is connected to the printed wiring 
board 1 . As the exposed amount of the sides 121 of the 
exposed conductor section 120 is small, the solder ball 

13 remains on the exposed conductor section 120 with- 
out being flattened. It is thus possible to maintain the 

35 distance between the electronic part 15 and the 
exposed conductor section 120, which can enhance the 
reliability of connection therebetween. 
[0110] The printed wiring board 1 according to this 
embodiment may have a bump 130 of another shape. 

40 Figures 5 to 7 exemplify such a printed wiring board 1 
with an oval bump 130 and part of the conductor circuit 
1 2 of a rectangular shape. In the printed wiring board 1 , 
as shown in Figures 5 through 7, part of the conductor 
circuit 12 also has an exposed conductor section 120 

45 (portion "a") with an exposed surface, and the surface 
insulating layer 140 (portion "b") around the exposed 
conductor section 120 is positioned lower than the sur- 
face of the exposed conductor section 120 and higher 
than the surface of the insulating substrate 10, and is in 

so contact with sides 1 2 1 of the exposed conductor section 
120. 

[01 1 1 ] It is preferable that, as shown in Figure 8, the 
exposed conductor section 120 is covered with a metal 
plated film 17 in such a way as to surround the upper 
55 end portions of the sides of the exposed conductor sec- 
tion 1 20 from the surface 1 22 thereof. The solder ball 1 3 
should be bonded to the exposed conductor section 120 
and should be partly located in a cavity 19 formed 
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between the peripheral edge of the metal plated film 1 7 
and the sides 121 of the exposed conductor section 
1 20. This allows the solder ball 1 3 to come into the cav- 
ity 19 and to show excellent bonding due to its anchor- 
ing effect. 

[0112] The metal plated film 17 comprises, for 
example, a nickel plated layer with a thickness of 3 jwn 
and a gold plated layer with a thickness of 0.1 jam, while 
the exposed conductor section 120 is formed of a cop- 
per foil with a thickness of 18 jutm. The solder ball 13 is 
0.2 mm in diameter. The metal plated film may be 
formed of a solder plated film, Sn plated film, Pb plated 
film or the like. The conductor circuit including the 
exposed conductor section can be formed by a pattern- 
ing method, such as so-called subtractive method or 
additive method. 

[0113] The metal plated film may be formed on the 
surface of the exposed conductor section by, for exam- 
ple, electroplating, and a solder ball can be bonded to 
the surface of the metal plated film by heat-melting. 

Second Embodiment 

[01 14] A printed wiring board according to a second 
embodiment of this invention will now be described 
referring to Figures 9 through 13. 
[0115] As shown in Figure 9, a printed wiring board 
8 according to this embodiment has a pad 5 for connec- 
tion of a connection terminal 6. The pad 5 is provided on 
the surface of an insulating substrate 7. A black solder 
resist layer 2 is formed on the surface of the insulating 
substrate 7 and the peripheral edge 502 of the pad 5. 
[0116] The solder resist layer 2 in use is a thermo- 
setting solder resist. The thermosetting solder resist 
contains 70% by volume of epoxy-based resin and 30% 
by volume of an inorganic filler of iron oxide. The inor- 
ganic filler is powder having an average particle size of 
2.3 juim. The solder resist layer has light absorption of 
78%. 

[0117] Provided on the surface of the insulating 
substrate 7 are a mount section 55 where an electronic 
part 3 is to be mounted, bonding pads 54, conductor cir- 
cuits 53, and lands 521 of through holes 52, as shown 
in Figures 10 and 1 1 . As shown also in Figures 10 and 
1 1 , lands 520 of the through holes 52, conductor circuits 
51 and the pads 5 for connection of the connection ter- 
minals 6 are provided at the back of the insulating sub- 
strate 7. 

[0118] As shown in Figures 1 1 and 12, thermal via 
holes 50 for discharging heat generated by the elec- 
tronic part 3 are formed under the mount section 54. 
The inner walls of the through holes 52 and thermal via 
holes 50 are covered with a metal plated film 500 of Cu, 
Ni, Au or the like, with solder 59 filling those holes as 
shown in Figure 10. 

[0119] The connection terminals 6 are solder balls 
as shown in Figure 9. The peripheral edge 502 of each 
pad 5 has a width A of 0.075 mm and is covered with the 



solder resist layer 2. A center portion 501 of the pad 5 is 
exposed through a hole 10 in the solder resist layer 2. 
[0120] As shown in Figures 10 and 13, the solder 
resist layer 2 covers the entire top and bottom surfaces 

5 of the insulating substrate 7 excluding those portions 
around the bonding pads 54, the through holes 52 and 
the thermal via holes 50. The solder resist layer 2 has a 
thickness of 30 |nm. The holes 10 are formed by irradiat- 
ing an excimer laser beam on the solder resist layer 2. 

10 [0121] As shown in Figure 10, the electronic part 3 
is connected to the mount section 55 by a solder paste. 
The electronic part 3 is electrically connected to the 
bonding pads 54 via bonding wires 540. The electronic 
part 3 is sealed with a sealing resin 4 of epoxy-based 

15 resin or the like. The insulating substrate 7 is a glass 
epoxy resin substrate. The mount section 55, the bond- 
ing pads 54, the conductor circuits 53 and 51 and the 
pads 5 are formed by etching their copper foils and cov- 
ering the surfaces with a metal plated film plated with 

20 Ni-Au or the like. 

[0122] The printed wiring board 8 of this embodi- 
ment is a plastic package whose chip size is approxi- 
mately the same as the size of the electronic part 3. The 
printed wiring board 8 is connected to a mother board 

25 81 via the connection terminals 6. 

[01 23] The advantages of this embodiment will now 
be described. As the solder resist layer 2 is black, it eas- 
ily absorbs heat. After the solder resist layer 2 actively 
absorbs the heat generated by the electronic part 3, 

30 therefore, the solder resist layer 2 discharges the heat 
into the air from the surface. This speeds up heat move- 
ment from the solder resist layer 2 to the air. The black 
solder resist layer 2 can thus promptly discharge the 
heat generated by the electronic part 3 into the air, and 

35 is excellent in heat discharge. 

[0124] As shown in Figure 9, the solder resist layer 
2 covers the peripheral edges 502 of the pads 5 for con- 
nection of the connection terminals 6. This allows the 
heat, absorbed by the solder resist layer 2, to be effi- 

40 ciently transmitted to the connection terminals 6 and to 
be then efficiently discharged via the mother board 81 
connected to the connection terminals 6. 
[0125] As shown in Figures 10 and 13, the solder 
resist layer 2 is provided under the mount section 55, so 

45 that the layer 2 can efficiently absorb the heat from the 
electronic part 3. 

[0126] Since the solder resist layer 2 is provided 
over a wide area, substantially the entire top and bottom 
surfaces of the insulating substrate 7, heat exchange 
so can be performed quickly. 

Third Embodiment 

[0127] A printed wiring board according to a third 
55 embodiment of this invention will be discussed below. 
The printed wiring board of this embodiment uses a 
white solder resist layer. The solder resist layer contains 
60% by weight of epoxy-based resin and 40% by weight 
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of an inorganic filler which essentially comprises tita- 
nium oxide. The inorganic filler is powder having an 
average particle size of 3 jam. The inorganic filler con- 
tains 58% by weight of titanium oxide, 1 .5% by weight of 
Al 2 0 3 , and 0.3% by weight of K 2 0. 
[0128] The solder resist layer has a thickness of 40 
juim. The peripheral edge of each pad for connection of 
the associated connection terminal has a width A of 
0.100 mm (see Figure 9). The other structure is the 
same as that of the second embodiment. 
[0129] The advantages of this embodiment will now 
be discussed. As the solder resist layer contains an 
inorganic filler including titanium oxide, it easily absorbs 
heat. After the solder resist layer actively absorbs the 
heat generated by an electronic part, therefore, it gener- 
ates far infrared radiation to promptly discharge the heat 
into the air. The larger the amount of heat generated by 
the electronic part is, the greater the amount of far infra- 
red radiation is generated, so that the heat is dis- 
charged efficiently. 

[0130] As the solder resist layer contains titanium 
oxide, it becomes white. Because the white solder resist 
layer discharges the absorbed heat from its entire sur- 
face, the heat discharging speed is fast. 
[0131] This embodiment provides the same advan- 
tages as those of the second embodiment. 

Fourth Embodiment 

[0132] A printed wiring board according to a fourth 
embodiment of this invention will be discussed below. 
[0133] In this embodiment, a green solder resist 
layer is used. The solder resist layer contains 50% by 
weight of epoxy-based resin and 50% by weight of an 
inorganic filler which essentially comprises alumina. 
The other structure is the same as that of the second 
embodiment. 

[0134] The advantages of this embodiment will now 
be discussed. As the solder resist layer contains an 
inorganic filler including alumina, it has excellent ther- 
mal conductivity and can quickly discharge heat, gener- 
ated by an electronic part, into the air. This embodiment 
can also have the same advantages as those of the sec- 
ond embodiment. 

INDUSTRIAL APPLICABILITY 

[0135] As apparent from the foregoing description, 
this invention provides a printed wiring board with excel- 
lent heat discharging performance, which has 
enhanced adhesion strength between a conductor cir- 
cuit and an insulating substrate and ensures highly reli- 
able connection between this printed wiring board and a 
to-be-mounted part such as another electronic part or 
another printed wiring board at the time of connecting 
such a part to this printed wiring board via solder balls 
applied to bumps, ball pads or the like provided on the 
conductor circuit and the insulating substrate, and a 



method of manufacturing the same. 
Claims 

5 1 . A printed wiring board comprising: 

an insulating substrate having a conductor cir- 
cuit thereon; and 

a surface insulating layer provided on surfaces 
10 of said insulating substrate and said conductor 

circuit and formed of a solder resist layer or a 
glass cloth resin layer, 

part of said conductor circuit having an 
exposed conductor section with an exposed 

is surface, 

said surface insulating layer around said 
exposed conductor section forming a recessed 
section level the same height as or lower than 
said surface of that exposed conductor section 

20 and higher than said surface of said insulating 

substrate, said surface insulating layer of said 
recessed section being in contact with sides of 
said exposed conductor section. 

25 2. The printed wiring board according to claim 1, 
wherein said surface insulating layer comprises a 
glass cloth resin layer. 

3. The printed wiring board according to claim 1, 
30 wherein said surface insulating layer has a double- 
layer structure comprising a solder resist layer and 
a glass cloth resin layer formed on a surface 
thereof. 

35 4. The printed wiring board according to any one of 
claims 1 to 3, wherein said surface insulating layer 
is positioned lower than said surface of said 
exposed conductor section by 0 to 15 juim. 

40 5. The printed wiring board according to any one of 
claims 1 to 4, wherein said exposed conductor sec- 
tion is covered with a metal plated film in such a 
way as to surround upper end portions of said sides 
of said exposed conductor section from said sur- 

45 face thereof, and a solder ball is connected to said 
exposed conductor section and is partly located in 
a cavity formed between a peripheral edge of said 
metal plated film and said sides of said exposed 
conductor section. 

50 

6. A method of manufacturing a printed wiring board 
comprising an insulating substrate having a con- 
ductor circuit thereon, and a surface insulating layer 
provided on surfaces of said insulating substrate 
55 and said conductor circuit and formed of a solder 
resist layer or a glass cloth resin layer, part of said 
conductor circuit having an exposed conductor sec- 
tion with an exposed surface, said surface insulat- 



Patent provided by Sug3|0£e Mlor\, PLLC - http^/www.sughrue,corrt 



19 



EP 0 997 935 A1 



20 



ing layer around said exposed conductor section 
forming a recessed section level the same height as 
or lower than said surface of that exposed conduc- 
tor section and higher than said surface of said 
insulating substrate, said surface insulating layer of 
said recessed section being in contact with sides of 
said exposed conductor section, said method com- 
prising the steps of: 

forming a conductor circuit on said insulating 
substrate; 

forming said surface insulating layer on said 
insulating substrate and said surface of said 
conductor circuit; and 

irradiating a laser beam on said surface insulat- 
ing layer to expose part of said conductor cir- 
cuit, thereby forming an exposed conductor 
section, and setting said surface insulating 
layer around said conductor circuit lower than a 
surface of said exposed conductor section, 
thereby forming a recessed section. 

7. The method according to claim 6, wherein said sur- 
face insulating layer comprises a glass cloth resin 
layer. 

8. The method according to claim 6, wherein said sur- 
face insulating layer has a double-layer structure 
comprising a solder resist layer and a glass cloth 
resin layer formed on a surface thereof. 

9. A printed wiring board comprising: 

an insulating substrate; and 
pads provided on a surface of the insulating 
substrate for connecting connection terminals, 
wherein said surface of said insulating sub- 
strate and peripheral edges of said pads are 
covered with a black solder resist layer. 

10. The printed wiring board according to claim 9, 
wherein said solder resist layer contains an inor- 
ganic filler comprising graphite, iron oxide or man- 
ganese dioxide. 

11. The printed wiring board according to claim 10, 
wherein said inorganic filler is powder having an 
average particle size of 5 juim or smaller. 

12. The printed wiring board according to claim 10 or 
1 1 , wherein said inorganic filler is contained in said 
solder resist layer in an amount of 10% by volume 
or greater. 

13. The printed wiring board according to any one of 
claims 9 to 12, wherein light absorption of said sol- 
der resist layer is equal to or greater than 60%. 



14. A printed wiring board comprising: 

an insulating substrate; and 
pads provided on a surface of the insulating 
substrate for connecting connection terminals, 
wherein said surface of said insulating sub- 
strate and peripheral edges of said pads are 
covered with a white solder resist layer contain- 
ing an inorganic filler including at least titanium 
oxide. 

15. The printed wiring board according to claim 14, 
wherein said inorganic filler is powder having an 
average particle size of 5 jxm or smaller. 

16. The printed wiring board according to claim 14 or 
15, wherein said solder resist layer contains tita- 
nium oxide in an amount of 10 to 80% by weight. 

17. The printed wiring board according to any one of 
claims 14 to 16, wherein said inorganic filler is con- 
tained in said solder resist layer in an amount of 
10% by weight or greater. 

18. A printed wiring board comprising: 

an insulating substrate; and 
pads provided on a surface of the insulating 
substrate for connecting connection terminals; 
wherein said surface of said insulating sub- 
strate and peripheral edges of said pads are 
covered with a green solder resist layer. 

19. The printed wiring board according to any one of 
claims 9 to 18, further comprising a mount section 
on said surface of said insulating substrate where 
an electronic part is to be mounted, wherein a sur- 
face of said mount section is covered with said sol- 
der resist layer. 
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